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© Curable resin composition. 



© A curable resin composition containing (A) an oxyalkylene base polymer having at least one silicon atom- 
containing group to the silicon atom of which a hydroxyl group or a hydrolyzable group is attached and being 
cross-linked through formation of a siloxane bond, and (B) a compound having at least one carboxyl group and a 
compound having at least one primary amine group, which composition has a high curing rate and less toxicity. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to a curable resin composition having a high curing rate and less toxicity. 

Description of the Related Art 

Hitherto, various compounds are known to be useful for curing a polymer which having at least one 
10 silicon atom-containing group to the silicon atom of which a hydroxyl group or a hydrolyzable group is 
attached and being cross-linked through formation of a siloxarie bond. Among such compounds, or- 
ganometallic compounds such as dibutyltin dilaurate, tin octylate, lead octylate and the like are used for 
increasing the curing rate. 

However, the organometallic compounds containing tin or lead are not only expensive but also highly 
75 toxic. 

To avoid such drawbacks of the organometallic compounds, it is contemplated to use a carboxylic acid 
in place of the organometallic compounds. When the carboxylic acid is used, a curing rate of the polymer is 
considerably decreased in comparison with the organometallic compounds and the use of carboxylic acid is 
not practically attractive. 

20 Besides the carboxylic acid, an amine or its derivative may be used. But, the amine or its derivative is 
not practically used because it has the same defects as the carboxylic acid and toxicity. 

SUMMARY OF THE INVENTION 

25 One object of the present invention is to provide a curable resin composition having a high curing rate 
and less toxicity. 

Another object of the present invention is to provide a curable resin composition, a cured material of 
which has improved durability, physical properties and rubbery properties. 

According to the present invention, there is provided a curable resin composition comprising 
30 (A) an oxyalkylene base polymer having at least one silicon atom-containing group to the silicon atom of 
which a hydroxyl group or a hydrolyzable group is attached (hereinafter referred to as "silicon-containing 
reactive group") and being cross-linked through formation of a siloxane bond, and 
(B) a compound having at least one carboxyl group and a compound having at least one primary amine 
group. 

35 

DETAILED DESCRIPTION OF THE INVENTION 

As the oxyalkylene base polymer (A), a polymer comprising repeating units of the formula: 
40 -R-O- 

wherein R is a divalent organic group is preferred. As the R group, a hydrocarbon group having 3 to 4 
carbon atom is preferred. Specific examples of the R group are 

45 CH, CnHc CH, 

I 3 I I 

-CHCH 2 -, -CHCH 2 -, -C-CH 2 -, -CH 2 CH 2 CH 2 CH 2 - , etc. 



Among them, -CH(CH 3 )-CH 2 - is preferred. 

The oxyalkylene base polymer (A) may have one kind of the repeating unit, though it may have two or 
more kinds of the repeating units. 
55 The silicon-containing reactive group is a well known functional group and contributes to cross-linking 
even at room temperature. A kind of the silicon-containing reactive group is not limited in the present 
invention. Typical example of the silicon-containing reactive group is a group of the formula: 
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'2-b 




'3-a 



•Si-O- 




(I) 



5 



Lx b J 



wherein R 1 and R 2 are the same or different and each an alkyl group having 1 to 20 carbon atoms, an aryl 
group having 6 to 20 carbon atoms, an aralkyl group having 7 to 20 carbon atoms or a triorganosiloxy group 
70 of the formula: 

(R>SiO- (II) 

in which R' is a monovalent hydrocarbon group having 1 to 20 carbon atoms provided that three R' groups 
75 may be the same or different; X is a hydroxyl group or a hydrolyzable group provided that when two or 
more X groups are present, they may be the same or different; a is 0, 1 , 2 or 3; b is 0, 1 or 2 provided that 
b in different groups in the brackets may be the same or different; m is an integer of 0 to 19 provided that a 
sum of a and all b's is at least one. 

The hydrolyzable group X is not limited and may be any of known hydrolyzable groups. Specific 
20 examples of the hydrolyzable group are hydrogen atom, a halogen atom, an alkoxy group, an acyloxy 
group, a ketoximate group, an amino group, an amido group, an acid amido group, an aminoxy group, a 
mercapto group, an alkenyloxy group and the like. Among them, a hydrogen atom, an alkoxy group, an 
acyloxy group, a ketoximate group, an amino group, an amido group, a aminoxy group, a mercapto group 
and an alkenyloxy group are preferred. In view of mild hydrolysis and easy handling, an alkoxy group is 
25 particularly preferred. 

To one silicon atom, one, two or three hydrolyzable groups or hydroxyl groups can be attached, and the 
sum of a and all b's is preferably from 1 to 5. When two or more hydrolyzable groups or hydroxyl groups 
are attached to the same silicon atom, they may be the same or different. 

The silicon-containing reactive group may contain one or more silicon atoms. In a case of the silicon- 
30 containing reactive group in which the silicon atoms are bonded though siloxane linkages, the number of the 
silicon atoms is about 20. 

In view of easy availability, a silicon-containing reactive group of the formula: 



40 wherein R 2 , X and a are the same as defined above is preferred. 

Specific examples of R 1 and R 2 in the formula (I) are an alkyl group (e.g. a methyl group, an ethyl 
group, etc.), a cycloalkyl group (e.g. a cyclohexyl group, etc.), an aryl group (e.g. a phenyl group, etc.), an 
aralkyl group (e.g. a benzyl group, etc.), a triorganosiloxy group of the formula (II) in which R' is a methyl 
group or a phenyl group, and the like. As R 2 , a methyl group is particularly preferred. 
45 Preferably, one molecule of the polymer (A) contains at least one silicon-containing reactive group, 
more preferably 1.1 to 5 silicon-containing reactive groups on the average. 

When the number of the silicon-containing reactive group is less than one, the curability of the 
composition is insufficient. 

The silicon-containing reactive group may be present at an end of the polymer chain or on the polymer 
so chain or both. In particular, when the silicon-containing reactive group is present at the chain end of the 
polymer, the final cured material has a large effective network chain amount so that a rubbery cured 
material having a large elongation is easily obtained. 

The silicon-containing reactive group is introduced in the polymer by any of conventional methods. For 
example, with a polymer having a functional group such as a hydroxyl group at a chain end, an organic 
55 compound having an unsaturated group and an active group which is reactive with the functional group of 
the polymer is reacted and then a product is reacted with a hydrosilane having a hydrolyzable group to 
effect hydrosilylation of the polymer. 

Typically, the hydrosilane is represented by the formula: 



35 




(HI) 



EP 0 538 881 A2 



(IV) 



wherein R 3 is a C1-C20 alkyl group, a C6-C20 aryl group or a C7-C20 aralkyl group provided that when two 
or three R 3 groups are present, they may be the same or different, X is a hydroxyl group or a hydrolyzable 
group provided that when two or more X groups are present, they may be the same or different, and a is 1 , 
10 2 or 3. 

The above hydrosilylation may be carried out in the presence of a catalyst. Examples of the 
hydrosilylation catalyst are H 2 PtCl6.6H 2 0, metal platinum, PhCI(PRh 3 )3, PhCI 3 , Ph on AI2O3, RuCI 3 , IrCb, 
FeCI 3 , Aids, PdCI 2 .2H 2 0, NiCfe, TiCI 4 and the like. 

The hydrosilylation is carried out at a temperature of 0 to 150°C. Optionally, a solvent such as 
?5 benzene, toluene, xylene and tetrahydrofran may be used to control the reaction temperature or a viscosity 
of the reaction mixture. 

The prepared polymer (A) before being cured has a number average molecular weight of 500 to 
100,000, preferably 1000 to 30,000. 

A kind of the compound having at least one carboxyl group (hereinafter referred to as "carboxyl group- 
20 containing compound") is not limited and any of known compounds may be used. Specific examples of the 
carboxyl group-containing compound are as follows: 



(1) Aliphatic monocarboxylic acids 



25 (a) Saturated monocarboxylic acids such as formic acid, acetic acid, acetoacetic acid, ethylmethylacetic 
acid, propionic acid, butyric acid, isobutyric acid, 2-ethylbutyric acid, ethoxyacetic acid, valeric acid, 
isovaleric acid, hexanoic acid, 2-ethylhexanoic acid, octanoic acid, decanoic acid, undecanoic acid, 
glyoxylic acid, glycollic acid, gluconic acid, etc. 

(b) Olefinic monocarboxylic acids such as acrylic acid, methacrylic acid, angelic acid, crotonic acid, 
30 isocrotonic acid, 10-undecenic acid, elaidic acid, erucic acid, oleic acid, etc. 

(c) Acetylenic monocarboxylic acids such as propiolic acid, etc. 

(d) Diolefinic carboxylic acids such as linoleic acid, linoelaidic acid, etc. 

(e) Highly unsaturated monocarboxylic acids such as linolenic acid, arachidonic acid, etc. 

(f) Halogenated monocarboxylic acids such as chloroacetic acid, 2-chloroacrylic acid, chlorobenzoic acid, 
35 etc. 

(2) Aliphatic dicarboxylic acids 

(a) Saturated dicarboxylic acids such as adipic acid, azelaic acid, ethylmalonic acid, glutaric acid, oxalic 
40 acid, malonic acid, succinic acid, hydroxydiacetic acid, etc. 

(b) Unsaturated dicarboxylic acids such as maleic acid, fumaric acid, acetylenedicaroxylic acid, itaconic 
acid, etc. 

(3) Aliphatic polycarboxylic acids 

45 

Tricarboxylic acids such as aconic acid, citric acid, isocitric acid, etc. 



(4) Aromatic carboxylic acids 



50 (a) Aromatic monocarboxylic acids such as benzoic acid, 9-anthracenecarboxylic acid, atrolactinic acid, 
anisic acid, isopropylbenzoic acid, salicylic acid, toluic acid, etc. 

(b) Aromatic polycarboxylic acids such as phthalic acid, isophthalic acid, terephthalic acid, carbox- 
yphenylacetic acid, pyromellitic acid, etc. 



55 (5) Others 



Amino acids such as alanine leucine, threonine, aspartic acid, glutamic acid, arginine, cysteine, 
methionine, phenylalanine, tryptophane, histidine, etc. 
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Insofar as at least one carboxyl group is present in one molecule, any compound can be used 
according to the present invention. These compounds may be used independently or as a mixture of two or 
more of them. 

Among the above exemplified carboxylic group-containing compounds, the aliphatic monocarboxylic 
acids, in particular, those having 2 to 30 carbon atoms are preferred. 

The curable resin composition of the present invention further contains the primary amine compound. 
When a secondary or tertiary amine compound alone is used, the composition has a low curing rate. 

Examples of the primary amines are as follows: 

(a) Aliphatic primary amines 

methylamine, ethylamine, propylamine, isopropylamine, isopropanolamine, butylamine, 1-ethyl- 
butylamine, isobutylamine, pentylamine, octylamine, laurylamine, monoethanolamine, 
diethylaminopropylamine, oleylamine, cyclohexylamine, benzylamine, guanidine, 2-ethylhexylamine, 
triethylenetetramine, 7-aminoproyltrimethoxysilane, N-(j8-aminoethyl)aminopropylmethyldimethoxysilane, etc. 

(b) Aromatic primary amines 

aniline, benzylaniline, nitroaniline, phenylenediamine, toluidine, toluylamine, xylenediamine, 2,3-xylidine, 
anisidine, phenetidine, benzidine, benzylamine, naphthylamine, etc. 

Among these primary amines, aliphatic monoamines having at least 5 carbon atoms, in particular at 
least 8 carbon atoms are preferred in view of physical properties such as water resistance of the cured 
material of the composition. 

In combination with the primary amine, a secondary or tertiary amine may be used. 

Examples of the secondary and tertiary amines are as follows: 

(a) Aliphatic secondary amines 

dimethylamine, diethylamine, diethanolamine, diethylenetriamine, dibutylamine, piperidine, diisopen- 
tylamine, pyrrolidine, morpholine, 2-ethyl-4-methylimidazole, etc. 

(b) Aromatic secondary amines 

N-ethylnaphthylamine, acetoanilide, acetoamidonaphthalene, diphenylguanidine, etc. 

(c) Aliphatic tertiary amines 

trimethylamine, triethylamine, triethanolamine, tripropylamine, tributylamine, 1 ,4-diazabicyclo[2.2.2]- 
octane (DABCO), 1,8-diazabicyclo[5.4.0]undecene-7 (DBU), etc. 

(d) Aromatic tertiary amines 

N.N-dimethylaniline, N,N-dibenzylaniline, dimethylaminobenzoic acid, 2,4,6-tris(dimethylaminomethyl)- 
phenol, etc. 

A total amount of the carboxyl group-containing compound and the primary amine is from 0.01 to 20 
parts by weight, preferably from 0.1 to 10 parts by weight per 100 parts by weight of the oxyalkylene base 
polymer (A). When the total amount is less than 0.01 parts by weight, the curing rate of the composition 
tends to decrease and the composition may not be sufficiently cured. As the total amount increases over 20 
parts by weight, the effect is not increased while a cost increases. In addition, the composition may be 
colored or the cured material may have deteriorated water resistance. 

There is no limitation on a sequence of mixing the oxyalkylene base polymer (A), the carboxyl group- 
containing compound and the primary amine. For example, to the oxyalkylene base polymer (A), one of the 
carboxyl group-containing compound and the primary amine is added and then the other is added. To the 
carboxyl group-containing compound, one of the oxyalkylene base polymer (A) and the primary amine is 
added and then the other is added. Alternatively, to the oxyalkylene polymer (A), the carboxyl group- 
containing compound and the primary amine are simultaneously added. Further, the carboxyl group- 
containing compound and the primary amine are premixed to form a salt or a complex and the mixture is 
added to the oxyalkylene base polymer (A). 
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A ratio of the carboxyl group-containing compound to the primary amine is not critical. Preferably, a 
molar ratio of the carboxyl group-containing compound to the primary amine is from 0.01:1 to 50:1, more 
preferably from 0.1:1 to 20:1. By changing this molar ratio, the curing rate of the composition can be 
adjusted. 

5 If necessary, the curable resin composition of the present invention may contain a conventional additive 
such as a silanol condensation catalyst (curing catalyst), a physical property-adjusting agent for improving, 
for example, tensile properties, a reinforcing or non-reinforcing filler, a plasticizer, an adhesion accelerator, 
an anti-sagging agent, a colorant, an anti-aging agent, a flame retardant, and the like. 

Examples of the silanol condensation catalyst are titanates (e.g. tetrabutyl titanate, tetrapropyl titanate, 

70 etc.), tincarboxylic acid salts (e.g. dibutyltin dilaurate, dibutyltin maleate, dibutyltin diacetate, tin octylate, tin 
naphthenate, etc.), a reaction product of dibutyltin oxide and a phthalic acid ester, dibutyltin dia- 
cetylacetonate, organic aluminum compounds (e.g. aluminum trisacetylacetonate, aluminum 
trisethylacetonate, diisopropoxyaluminum ethylacetonate, etc.), chelate compounds (e.g. zirconium 
tetraacetylacetonate, titanium tetraacetylacetonate, etc.), lead octylate, a low molecular weight polyamide 

75 resin prepared from an excess amount of polyamine and a polybasic acid, a reaction product of an excess 
amount of polyamine and an epoxy compound, and the like. 

In addition, other conventional silanol condensation catalysts such as an acid catalyst or a base catalyst 
may be used. 

The catalysts may be used independently or as a mixture thereof. 
20 Examples of the filler or the reinforcing material are ground and precipitated calcium carbonate; calcium 
carbonate which is surface treated with an aliphatic acid, a resin acid, a cationic surfactant or an anionic 
surfactant; magnesium carbonate, talc, titanium oxide, barium sulfate, alumina, metal powder of aluminum, 
zinc, iron, etc.; bentonite; kaolin clay; fumed silica; quartz powder; white carbon; carbon black; asbestos; 
glass fiber; and the like. 

25 These fillers or the reinforcing materials may be used independently or as a mixture thereof. 

When the filler or the reinforcing material which imparts transparency to the composition such as silica 

is used, a sealing compound having good transparency can be prepared. 

Examples of the plasticizer which is used for adjusting physical properties or other properties of the 

composition are phthalates (e.g. dibutyl phthalate, diheptyl phthalate, di(2-ethylhexyl) phthalate, butylbenzyl 
30 phthalate, butylphthalylbutyl glycolate, etc.), non-aromatic dibasic acid esters (e.g. dioctyl adipate, dioctyl 

sebacate, etc.), esters of polyalkyleneglycol (e.g. diethyleneglycol dibenzoate, triethyleneglycol dibenzoate, 

etc.), phosphates (e.g. tricresyl phosphate, tributyl phosphate, etc.), chloroparaffins, hydrocarbon oils (e.g. 

alkyldiphenyl, partially hydrogenated terphenyl, etc.) and the like. They may be used independently or as a 

mixture thereof. 

35 The plasticizer may be added to a polymerization system of the oxyalkylene base polymer (A). 

Examples of the anti-aging agent are amine, phenyl, imidazole, amine-aldehyde, amine-ketone, sulfur 
and phosphorus antioxidants; antiozonants; UV-light absorbers and the like. 

Amines such as 7-aminopropyltrimethoxysilane and N-(^-aminoethyl)aminopropylmethyldimethoxysilane 
acts also as an adhesive. 

40 The curable resin composition of the present invention is used as an industrial elastomeric material, a 
sealant, an adhesive material, a potting material, a wrapping material, a waterproof material, a templating 
material, a binder or a modifier. In particular, the curable resin composition of the present invention is useful 
as a sealant and an adhesive. 

45 PREFERRED EMBODIMENTS OF THE INVENTION 

The present invention will be illustrated by the following Examples, in which "parts" are by weight. 

Example 1 

50 — 

To a propylene oxide polymer having two methyldimethoxysillyl groups [-Si(CH 3 )(OCH 3 )2] on the 
average and a number average molecular weight of 9600 (100 parts), laurylamine (1 part) and 2- 
ethylhexanoic acid (2 parts) were added. Further, as additives, glue calcium carbonate (CCR (trade name) 
manufactured by Shiraishi Industries, Co., Ltd.) (150 parts), dioctyl phthalate (65 parts), a hindered phenol 
55 anti-aging agent (Noklak NS-6 (trade name) manufactured by Ohuchi Shinko Chemical Co., Ltd.) (1 part) 
were added, and the mixture was well kneaded and passed through a small three-roll paint roll mill three 
time to form a sheet having a thickness of about 3 mm. 
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The sheet was then aged at 23" C, 50 %RH and a time for curing the sheet was measured. Whether or 
not the sheet was cured was determined by finger touch according to a method for measuring a tack-free 
time (a time necessary for curing) described by JIS A 5758. 

The results are shown in Table 1 . 

5 

Comparative Examples 1-3 

In the same manner as in Example 1 but using no 2-ethylhexanoic acid but 3 parts of laurylamine only, 
a sheet was prepared and its curing time was measured (Comparative Example 1). 
w In the same manner as in Example 1 but using no lauryl amine but 3 parts of 2-ethylhexanoic acid only, 
a sheet was prepared and its curing time was measured (Comparative Example 2). 

In the same manner as in Example 1 but using 3 parts of dibutyltin dilaurate (DTL) in place of 2- 
ethylhexanoic acid, a sheet was prepared and its curing time was measured (Comparative Example 3). 

The results of Comparative Examples 1-3 were also shown in Table 1. 

75 

Table 1 



Example No. 


1 


C.1 


C.2 


C.3 


Laurylamine (parts) 


1 


3 


0 


1 


2-Ethylhexanoic acid (parts) 


2 


0 


3 


0 


Dibutyltin dilaurate (parts) 


0 


0 


0 


3 


Tack-free time (hours) 


3 hr. 30 min. 


Not cured after 24 hrs. 


5 hrs. 



As understood from the results in Table 1, when 2-ethylhexanoic acid and laurylamine were used in 
combination, the time for curing the composition was much shortened in comparison with the composition 
containing either one of them and the same as the composition containing dibutyltin dilaurate (DTL). 

30 

Examples 2-6 

In the same manner as in Example 1 but using 2 parts of 2-ethylhexanoic acid in combination with 
lauryl amine in a molar ratio of Table 2, a sheet was prepared and its tack-free time was measured (23 'C, 
35 50 %RH). The results are shown in Table 2 together with the result in Example 1. 

Table 2 



40 



50 



Example 
No. 


Molar ratio of 2-ethylhexanoic 
acid to laurylamine 


Tack-free time (hrs.) 


1 


2.6 


3.5 


2 


0.5 


4.0 


3 


1.0 


3.0 


4 


1.5 


2.8 


5 


2.5 


3.5 


6 


20.0 


1.0 



As seen from the results of Table 2, the use of 2-ethylhexanoic acid and laurylamine in combination 
increased the curing rate. In particular when the molar ratio was between 0.5 and 20, the curable 
compositions had very high curing rates. 

55 

Claims 



1. A curable resin composition comprising 
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(A) an oxyalkylene base polymer having at least one silicon atom-containing group to the silicon 
atom of which a hydroxyl group or a hydrolyzable group is attached and being cross-linked through 
formation of a siloxane bond, and 

(B) a compound having at least one carboxyl group and a compound having at least one primary 
amine group. 

The curable resin composition according to claim 1, wherein said silicon-containing group is a group of 
the formula: 



(I) 



wherein R 1 and R 2 are the same or different and each an alkyl group having 1 to 20 carbon atoms, an 
aryl group having 6 to 20 carbon atoms, an aralkyl group having 7 to 20 carbon atoms or a 
20 triorganosiloxy group of the formula: 

(R') 3 SiO- (II) 

in which R' is a monovalent hydrocarbon group having 1 to 20 carbon atoms provided that three R' 
25 groups may be the same or different; X is a hydroxyl group or a hydrolyzable group provided that when 
two or more X groups are present, they may be the same or different; a is 0, 1 , 2 or 3; b is 0, 1 or 2 
provided that b in different groups in the brackets may be the same or different; m is an integer of 0 to 
19 provided that a sum of a and all b's is at least one. 

30 3. The curable resin composition according to claim 2, wherein said silicon-containing group is a group of 
the formula: 



35 




(III) 



-si-x a 



wherein R 2 , X and a are the same as defined above. 

40 

4. The curable resin composition according to claim 2, wherein said silicon-containing group is a group of 
the formula: 

-Si((CH 3 )(OCH 3 ) 2 . 

45 

5. The curable resin composition according to claim 1, wherein said oxyalkylene base polymer is an 
oxypropylene polymer. 

6. The curable resin composition according to claim 1, wherein said compound having at least one 
50 carboxyl group is an aliphatic monocarboxylic acid. 

7. The curable resin composition according to claim 1, wherein said compound having at least one 
primary amine group is an aliphatic monoamine. 



55 8. 



The curable resin composition according to claim 7, wherein said aliphatic monoamine has at least 8 
carbon atoms. 



